STIC-ILL 



From: Afremova. Vera 

Sent: Wednesday. April 23. 2003 6:03 PM 

To: STIC-ILL 

Subject: 10/032.728 



Hi. please, could I have these references: 



1. 

ACCESSION NUMBER: 2001336287 MEDLINE 

TITLE: Pyruvate/dichloroacetate supply during reperfusion 

accelerates recovery of cardiac energetics and improves 

mechanical function following cardioplegic arrest. 
AUTHOR Smolenski R T; Amrani M; Jayakumar J; Jagodzinski P: Gray C 

C, Goodwin A T; Sammut I A; Yacoub M H 
SOURCE: EUROPEAN JOURNAL OF CARDIO-THORACIC SURGERY. (2001 Jun) 19 

(6) 865-72 



2 



ACCESSION NUMBER: 2002121773 MEDLINE 
TITLE: Energetic stimulation of the heart. 

AUTHOR Hermann H P 

SOURCE: CARDIOVASCULAR DRUGS AND THERAPY, (2001 Sep) 1 5 (5) 405-1 1 . 



ACCESSION NUMBER: 85239005 MEDLINE 

TITLE: The effects of four different crystalloid bypass 

pump-priming fluids upon the metabolic response to cardiac 
operation 

AUTHOR: McKnight C K; Elliott M J; Pearson D T: Holden M P: Alberti 

K G 

i SOURCE " JOURNAL OF THORACIC AND CARDIOVASCULAR SURGERY, (1985 Jul) 
90(1)97-111. 



\ 





4 % 

ACCESSION NUMBER: 85239005 MEDLINE 
TITLE: The effects of four different crystalloid bypass 

pump-priming fluids upon the metabolic response to cardiac 

operation. 

AUTHOR: McKnight C K; Elliott M J; Pearson D T; Holden M P; Alberti 

kg ;y 

SOURCE JOURNAL OF THORACIC AND CARDIOVASCULAR SURGERY, (1985 Jul) . 

90 (1) 97-111 



J 



Vera Afremova 
CM1 11E13 
308-9351 



J Thorac Cardiovasc Surg 90:97-1 11, 1985 

The effects of four different crystalloid bypass 
pump-priming fluids upon the metabolic response to 
cardiac operation 

The crystalloid solutions used to prime canfiopubnomry bypass pumps frequently contain metaboficaDy 
active substrates. However, there is a lack of controlled studies to investigate the metabolic response to 
cardiac operations using different pump primes. We have carried out a prospective, randomized study of 
24 patients divided into four groups, each group receiving a different crystalloid prime. The primes 
contained glucose, lactate, glucose and lactate, or neither glucose nor lactate. Using identical anesthetic, 
surgical, and perfusion techniques, we estimated the metabolic response to cardiac operation hi al 
patients by frequent blood sampling for measurement of bonnone finsuKn, glucagon, Cortisol, and growth 
hormone) and metabofite concentrations (glucose, lactate, pyruvate, glycerol, akmne, and 3-fayihoxybu- 
tyrate) from the day before operation to the seventh postoperative day. The results demonstrated that, 
after 4 hours postoperatively, the endocrine and metabolic response to cardiac operation was maffected 
by the nature of the priming fluid However, major endocrine and metabolic chaises occwred before that 
time, which were related directly to the glucose and lactate contents of the prime. Very high 
concentrations of both glucose and lactate were observed at the end of bypass if they were included hi the 
prime. Given the known dangers of hyperglycemia in cerebral ischemia and the potential gluconeogenic 
effects of infused lactate, we suggest that glucose-free and bctate-free primes be employed in the 
extracorporeal circuit 
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The metabolic response to cardiac operation has been 
studied extensively during the past 30 years. Despite 
this, there are wide differences in the reported altera- 
tions in blood hormone and metabolite concentrations. It 
has been shown that the use of different anesthetic 1 2 
and extracorporeal perfusion** techniques can modify 
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the metabolic response, as can the temperature at which 
utfuiopuuriOfiary bypass is conducted. 7 However, analy- 
sis of these papers reveals that a wide variety of pump 
primes have been employed. It is possible that the 
priming fluid used may itself modulate the response, 
since these fluids frequently contain large quantities of 
metabolically active substrates. There have been no 
controlled studies to investigate the effect of different 
crystalloid cardiopulmonary bypass pump-priming flu- 
ids on the metabolic response to cardiac operation. Thus, 
we have performed a prospective, randomized study to 
assess the changes that occur in blood concentrations of 
several hormones and intermediary metabolites during 
and after cardiopulmonary bypass. Four different 
oypass pump-priming solutions were used 

Patients and methods 

Twenty-four adult patients undergoing elective open 
valve operations and taken sequentially from the waiting 
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Table L Composition of the bypass pump-priming 
fluid used in each group (prime volume ■ 2.5 L) 



Priming fluids 


Compostt 


Group A Hartmann's solution (Ringers lactate) 


and 5% dextrose 




Dextrose (gm/L) 


25 


Na* (mmol/L) 


66 


K* (mmol/L) 


2.5 


Ca* + (mmol/L) 


56 


CI' (mmol/L) 


56 


• Lactate (mmol/L) 


15 


Group B: Hartmann's solution (Ringer s lactate) 


Na* (mmol/L) 


131 


K* (mmol/L) 


5 


Ca" (mmol/L) 


2 


CI" (mmol/L) 


111 


« Lactate (mmol/L) 


29 


Group C: Plasmalyte 148 




Na** (mmol/L) 


140 


K* (mmol/L) 


5 


Ca" (mmol/L) 


0.5 


Mg" (mmol/L) 


1.5 


CI" (mmol/L) 


. 80 


» Acetate (mmol/L) 


27 


Group D: Solution 1 1 




Dextrose (gm/L) 


25 


Na ++ (mmol/L) 


102 


K* (mmol/L) 


5 


Ca" (mmol/L) 


2.5 


Mg" (mmol/L) 


1 


CL (mmol/L) 


107 


<s> Gluconate (mmol/L) 


5 


Phosphate (mmol/L) 


1 



list of one cardiac surgeon (M. P. H.) were studied. 
Written, informed consent was obtained from the 
patients, the protocol having been approved in advance 
by the Newcastle Health Authority Ethical Committee. 
Patients with known ischemic heart disease, those taking 
beta adrenergic blocking agents, those with known 
endocrine or metabolic disease or an abnormal glucose 
tolerance test on admission, and those patients with 
known hepatic or renal disease were excluded from the 
study. 

The 24 patients were randomly allocated to receive 
one of four different pump-priming fluids during cardio- 
pulmonary bypass. These priming fluids were chosen on 
the basis of data obtained from a preliminary survey in 
which a questionnaire was sent to all cardiac surgical 
units in the United Kingdom. The four primes used in 
this study were those most commonly in use at that time 
< 1982) in the United Kingdom (Table I) 

Group A consisted of six patients undergoing cardio- 



pulmonary bypass with a prime consisting of equal 
volumes of Hartmann's (Ringer's lactate) solution and 
5% dextrose in water. 

Group B consisted of six patients undergoing cardio- 
pulmonary bypass with a Hartmann's solution (Ringer's 
lactate) prime. 

Group C consisted of six patients undergoing cardio- 
pulmonary bypass with a prime composed of Plasma- 
lyte- 148 (Travenol, Thetford, United Kingdom). 

Group D consisted of six patients undergoing cardio- 
pulmonary bypass with a prime composed of Solution 1 1 
(Travenol). 

Clinical details of the patients studied are given in 
Table II. The groups were matched in all respects. All 
patients made uneventful recoveries from the opera- 
tion. 

Anesthetic technique was standardized as follows: 
Premedication consisted of papaveretum 11.75 mg/m 2 
and hyoscine 0.25 mg/m 2 given intramuscularly 1 hour 
before the operation. Anesthesia was induced with 
intravenous thiopentone 120 mg/m 2 , droperidol 11.75 
mg/m 2 , and phenoperidine 2.4 mg/m 2 , and paralysis 
was produced by pancuronium 4.7 mg/m 2 . Anesthesia 
was maintained with nitrous oxide and oxygen with 
intermittent phenoperidine. Further pancuronium was 
added as required to permit intermittent positive- 
pressure ventilation. 

Perfusion technique was also standardized. Cardio- 
pulmonary bypass was conducted at 28° C (venoarterial 
cooling) at a flow rate of 2.4 L/m 2 /min, which was 
maintained at all temperatures. A Travenol membrane 
oxygenator was used in each case. Pulsatile flow was 
generated with a Stockert (Stdckert Instrumente, 
Munich, Federal Republic of Germany) pulsatile roller- 
pump system set to deliver for 50% of the cycle at 90 
beats/min, whenever the left ventricle was not ejecting 
blood into the aorta. The prime volume of the system 
was 2.5 L in each case. 

No glucose-containing fluids were infused or used as 
flushes in the pressure-monitoring lines. All operations 
were performed by the same surgeon (M. P. H.). Car- 
dioplegic arrest was used in each case and was achieved 
with a crystalloid solution at 4° C* All excised valves 
were replaced by lonescu-Shiley bovine pericardial 
xenografts. 

Blood sampling. Blood samples were drawn accord- 
ing to the regimen shown in Table III. At every sample 

point the concentration* of the following were estimated' 

'Poiassmm chloride 1 ato gm, I.. dextrose J. gm/L, sodium chloride 
6 32 Rm/L. and sodium bicarbonate (8.4%) 12 ml/L. 
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Table II Clinical details of patients in the study 







Prime 




Plasmalyte 148 


Solution II 


Hartmann's solution 


Ringers lactate 
dextrose 


No. 

Age (yr) ± SEM 
Sex 

Height (m) ± SEM 
Weight (kg) * SEM 
Surface area (m 2 ) ± SEM 
Operation 


6 

56 ± 1.7 
4M.2F 
1.71 ± 0.02 
67 ± 4.6 
1.77 ±0.07 
MV, AV, MV, 
MV. MV, MV 


6 

52 ± 4 
3 M, 3 F 
1.65 ±0.004 
67 ± 5.3 
1.74 ±0.08 
AV, AV, MV 
AV, MV, AV 


6 

59.8 ± 3.3 
2 M, 4 F 
1.59 ±0.02 
60.1 ± 1.1 
1.63 ± 0.02 
MV, MV, MV, 
MV, AV, MV 


6 

50 ± 5 
4M, 2F 
1.71 ±0.03 
60 ± 3.4 
1.68 ± 0.07 
MV, MV, DV, 
MV, AV, AV 



Legend AV, Aortic valve replacement MV. Mitral valve replacement. DV, Double valve replacement. SEM, Standard error of the mean. 



insulin, Cortisol, glucagon, growth horrcone, glucose, 
lactate, pyruvate, alanine, glycerol, and 3-hydroxybuty- 
rate. 

* Assays. 

Insulin. Serum insulin concentrations were estimated 
by the method described by Soddner and Slone, 8 a 
modified double antibody radioimmunoassay tech- 
nique. 

Cortisol. Total serum Cortisol levels were also deter- 
mined by radioimmunoassay 9 and performed by the 
Northern Regional SAS Laboratory. 

Glucagon. Glucagon estimations were performed by a 
wick-chromatography radioimmunoassay technique. 10 
The technique was modified to be specific for pancreatic 
glucagon and was corrected for extract damage of 
labeled glucagon. 

Growth hormone. Growth hormone was estimated by 
a double antibody system using a Wellcome (rabbit) 
antiserum to human growth hormone. 

Glucose, lactate, pyruvate, glycerol; alanine, and 
3-hydroxybutyratc. Concentrations of these metabolites 
were estimated in perchloric acid extracts of whole blood 
by an enzymatic fluorometric continuous- flow assay as 
described by Lloyd and associates. 11 

Statistics. Student's! test, paired and unpaired, was 
used to evaluate the significance of differences within 
and between groups, respectively. Ail p values are 
two-tailed. Values given in the text are means ± standard 
errors of the mean unless otherwise indicated. 



Table DL The intermittent blood sampling 
regimen used in the study 



Sample 

No. 



Time of event 



1 One day preoperative^, 8:00 a.m. 

2 One day preoperative^, 6100 p.m 

3 Operative day, 8:00 a m 

4 Operative day, 5 min after induction of anesthesia 

5 Operative day, 5 min after skin incision 

6 Operative day. S min after heparin 

7 Operative day, 5 min after onset of CPB 

8 Operative day, 15 min after onset of CPB 

9 Operative day, 30 min after onset of CPB 

10 Operative day, 60 min after onset of CPB 

11 Operative day, 5 min before end of CPB ; 

12 Operative day, 5 min after protamine 

13 Operative day, 1 hr postoperatively 

14 Operative day, 2 hr postoperatively 

15 Operative day, 4 hr postoperatively 

16 Operative day, 6 hr postoperatively 

17 Operative day. 8 hr postoperatively 

18 One day postoperatively, &00 KM, 

19 One day postoperatively, 1Z00 noon 

20 One day postoperatively, 6:00 P.M. 
2! Two days postoperatively, 8:00 a m 

22 Two days postoperatively, 600 PM 

23 Three days postoperatively, 8:00 a_m 

24 Three days postoperatively, 6$Q p.m 

25 Four days postoperatively, 8:00 A-M 

26 Four days postoperatively, 6.00 p.m 

27 Seven days postoperatively, 8.00 am 



Results 

All hormone and intermediary metabolite concentra- 
tions were within the laboratory reference ranges preojv 
eratively. 

Hormones. I he results ol the hormone assays are 
depicted graphically in Figs. 1 to 4. 



Insulin (Fig. 1). No significant change in serum 
insulin concentration occurred in any group until the 
start of the operation. By sample 6 (taken 5 minutes 
before the onset of cardiopulmonary bypass), however, 
insulin concentration had fallen significantly (p < 0.05) 
from the initial preoperative value of 10.5 ± 2.9 MU/ml 
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Fig. 1. Scrum insulin levels (>iU/ml) during and after cardiopulmonary bypass with four different pump- priming 
solutions. CPB, Cardiopulmonary bypass. Dx, Dextrose. RL, Ringers lactate. POD, Postoperative days. Sample 
numbers as in Table Ilf. Vertical lines at each sample point represent standard errors of the mean. 



to 4.0 ± 1.2 jiU/ml The onset of cardiopulmonary 
bypass was associated with a rise in insulin concentra- 
tion in the two groups of patients receiving glucose- 
containing primes. This rise was significant, however, 
only in Group D (Solution 11), in whom the insulin 
concentration rose from 4.2 + 1.2 pU/ml to 17.7 ± 2.0 
MU/ml (p<0.05). Thereafter, insulin concentrations 
fell in all four groups such that after half an hour of 
hypothennic bypass they were below fasting values in all 
groups. Insulin concentration remained below fasting 
levels throughout the hypothermic phase of bypass. 
However, after rewarming (as indicated by sample 11, 
taken 5 minutes before the end of bypass), insulin 
concentration rose in all four groups. The rise in insulin 
concentration of 23.2 ± 5.0 jiU/ml observed in the 
groups allocated to receive glucose-containing primes 
was significantly greater (p<0.01) than the rise of 
IOC ± 3.5 MU/ml observed in those receiving glucose- 
free prunes. There was no significant difference between 
the insulin concentrations observed in the two groups 
receiving glucosenxmUining primes (Groups A and D), 



nor was there any difference between the insulin concen- 
trations observed with the two non^uoose-Kxmtaining 
primes (30.4 ± 7.4 and 12.5 ± 4.4 ^U/ ml, respective- 
ly). The difference in insulin concentrations that was 
evident between the two sets of pump primes (i.e., 
glucose and noi^ucoseK»ntaining) had disappeared 2 
hours after the end of the operation. From this stage of 
the study until the seventh postoperative day, there was 
no significant difference in insulin concentrations among 
the four groups. However, throughout this period, 
fasting insulin concentrations were significantly greater 
(p < 0.05) than preoperative fasting insulin concentra- 
tions. Mean fasting values on the seventh postoperative 
day were 17.0 ± 5.2 MU/ml for all four groups, com- 
pared with a preoperative mean value of 10.5 ± 2.0 
MU/ml. 

Cortisol (Fig. 2). There was no significant difference 
oetween groups in either the magnitude or pattern of 
change of serum Cortisol concentrations at any stage in 
the course of the study. 

Cortisol concentrations began to rise in all four 
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Fig. 2. Serum Cortisol levels (nU/ml) during and after cardiopulmonary bypass with four different pump-priming 

solutions. Key as for Fig. 1. 



groups shortly after the start of the operation, from 
immediate preoperative values of 194 ± 23 nmol/L to 
values of 241 ± 49 nmol/L, 5 minutes after hepariniza- 
tion. The onset of cardiopulmonary bypass was associ- 
ated with a marked fall in serum Cortisol concentration 
in all four groups. This was presumably due to the 
dilutional effect of the prime. During cardiopulmonary 
bypass and throughout the period of hypothermia, 
Cortisol concentrations continued to rise steadily in all 
groups io reach a mean value for all four groups of 
608 ± 117 nmol/L by 6 hours postoperatively. Cortisol 
values remained at these high levels until the morning of 
the first postoperative day, after which they fdl gradu- 
ally during the next few days. However, Cortisol kvds 
remained significantly elevated throughout the course of 
the study and were still significantly greater than 
preoperative values on the seventh postoperative day 
(p<0.05), when the mean for the four groups was 
152 t 44 nmol/L 

Glucagon (Fig. 3). There was no significant differ- 
ence in blood glucagon concentration among any of the 
groups at any stage of the study. Glucagon concentra- 
tions were not significantly different from preoperative 



values in any group until 4 hours postoperatively. 
Thereafter, glucagon concentrations began to rise 
steadily in all groups, peaking at 148 ± 25 ng/L on the 
evening of the first postoperative day. Front this point 
onward, there was a gradual fall in glucagon concentra- 
tions until the seventh postoperative day, by which \ 
values were no longer significantly dev 
with preoper a tive values. 

Growth hormone (Fig. 4). The results of growth 
hormone estimations are less clear-cut than the forego- 
ing, but there were no significant differences among the 
four groups at any stage. Although the . 
presented data in Fig. 4 demomtrate a 
growth hormone concentration during die operation, 
they bebe the fact that there was a rather unusual 
distribution of iwuhs. Intapective of the prima* fluid 
used, there appeared to be two groups of patients: those 
who produced high Iwds of growth hormone during the 
operation and those who did not Similar observations 
have also been reported by McDonald and < 
and by oursehes (M. J. Eft*, MX). Th 
of Newcastfe-Upon-Tyne). Such a distribution can be 
demonstrated by separating those patients who pro- 
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Fig. 3. Blood glucagon levels during and after cardiopulmonary bypass with four different pump-priming 
solutions. Key as for Fig. 1 . 



duccd growth hormone concentrations of greater than 
25 mU/L at any stage in the study from those who did 
not (Table IV). 

Intermediary metabolites. The results of the assays 
of glucose and other intermediary metabolites are 
expressed graphically in Figs. 5 to 10. 

Glucose (Fig. 5).* There was no significant change in 
blood glucose concentration in any group until the onset 
of cardiopulmonary bypass. Thereafter, in those two 

. groups allocated to receive glucose-free primes (Groups 
B and C), blood glucose concentrations rose steadily 

♦ during bypass to values of 10.0 ± 0.2 mmol/L. This 
degree of glycemia was maintained for the remainder of 
the operative day. Blood glucose concentrations re- 
mained significantly (p < 0.05) elevated above preoper- 
ative values until the third postoperative day. 

When glucose-containing primes were used, however 
(Groups A and D), there was a dramatic nse in blood 
glucose concentration after institution of cardiopulmo 

•To convert mmol/L lo mg/dl multiply by 18 



nary bypass. Glucose concentrations of between 25 and 
30 mmol/L were observed within 5 minutes of the onset 
of bypass; and these were sustained throughout the 
period of extracorporeal chxutition. After the end of 
bypass, Mood glucose concentrations fell rapidly in 
Groups A and D, such that by 4 hours postoperatively 
there was no significant difference of glucose concentra- 
tion among the four groups. Thereafter, the pattern of 
blood glucose concentration change was similar in 
Groups A and D to that already described for Groups B 
and C. • 

Lactate (Fig. 6). There were no significant differences 
in lactate concentrations among any of the four groups 
until the onset of cardiopulmonary bypass. In the two 
groups allocated to receive lactate-free primes (Groups 
C and D), there was no significant alteration in lactate 
concentration in relation to the onset of cardiopulmo- 
nary bypass. During bypass, however, there was a steady 
nse in lactate concentration in these two groups to levels 
of 1.63 ± 019 mmol/L Ln Group C and 1.82 + 018 
mmol/L in Group D 5 minutes before the end of 



Volume 90 
Number 1 
July, 1985 



CPB prime ami metabolic response 103 



GROWTH HORMONE 




5XDx/RL 

Sd o 0 

148 * A 

Solu ti on tl • m 



Pre op 



Operative day 



12 13 14 15 16 17118 19 20 1 21 72\ti 24|» jffj^ I 
— pod i ' pod 3 ' Pom Win a U I 



Fig. 4. Scrum growth hormone levels (mU/L) during and after cardiopulmonary bypass with four different 
pump-priming solutions. Key as for Fig. 1, 



cardiopulmonary bypass. Thereafter, lactate levels con- 
tinued to rise in these two groups, to peak between 1 and 
2 hours postoperatively at 1.82 ± 0.14 mmol/L and 
2.34 ± 0.26 mmbl/L, respectively; 

In the two groups allocated to reed ve primes contain- 
ing lactate (Groups A and B), the pattern was different 
In Group B (Hartmann's solution), lactate Concentra- 
tions rose rapidly in association with the onset of bypass 
from 1.02 ± 0.26 mmol/L to 3 .42 ± 0.47 ramol/L 5 
minutes after the onset of bypass: These high levels were 
sustained throughout cardiopulmonary bypass but fell 
rapidly during the immediate p ostoper a tive hours. In 
Group A (5% dextrose plus Hartmann's solution), blood 
lactate concentration was observed to rise in association 
with the onset of bypass, although this rise was of 
smaller magnitude than that seen in Group B. Lactate 
levels rose from 0.98 ±0.14 mmol/L to 2.1 ± 0.25 
mmol/L 5 minutes after the onset of cardiop ulmonar y 
bypass. Lactate concentrations did not change signifi- 
cantly throughout the course of cardiopulmonary bypass 
but continued to rise in this group to peak 2 hours 



Table IV. Number of patients in whom growth 
hormone did and did not reach a peak of 25 mU/L 





No. of patterns 


>2$mU/L 


<25 mV/L : 


Group A: Hartmann's sofetion 


4 ■ 


2 v 


(Ringer's lactate) and 5% 






dextrose 






Group B; Hartmann's solution 


2, 


• 4 ^ 


(Ringer's lactate) 


3 




Group C: Ptasmalyte 148 


3 


Group D: Solution 11 


3 


3 



postoperatively at 3.25 ± 0.33 mmol/L. By 4 hours 
postoperatively, however, lactate concentrations were 
not significantly different in any of the four groups. 

Pyruvate (Fig. 7). Pyruvate concentration changes 
rnirroral those of blood lactate, and by 2 hours postop- 
eratively there was no significant difference between the 
two groups. This similarity of pattern was reflected in 
lactate-pyruvate ratios (not shown). 
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Fig. 5. Blood glucose concentrations (mmol/L) during and after cardiopulmonary bypass with four different 
pump-priming solutions (mmol/L). Key as for Fig. 1, but error bars ornmitted for clarity. Solid bar to the right of 
the graph represents the normal fasting range. To convert mmol/L to mg/d! multiply by 18, 



Glycerol (Fig. 8). There was no significant difference 
in glycerol concentrations between groups at any stage 
of the study. All four groups showed a similar pattern of 
response. There was a rise in glycerol concentration of 
approximately equal magnitude in all four groups in 
association with systemic heparinization (between sam- 
ples 5 and 6) from 0.100 ± 0.017 mmol/L to 0.190 ± 
0.036 mmol/L. Blood glycerol concentrations remained 
at these elevated values (which were significantly great- 
er [p<0.05] than preoperative values) throughout 
cardiopulrnonary bypass, but fell sharply in association 
with the infusion of protamine after completion of 
cardiopulmonary bypass (between samples 11 and 12). 
Thereafter, glycerol concentrations were not seen to be 
significantly different from preoperative values. 

Alanine (Fig. 9). There was no significant difference 
among the groups at any stage in the study in terms of 
blood alanine concentrations. Alanine concentrations 
fell significantly in all groups (p < 0.05) on induction of 
anesthesia. Values for the whole group fell from 0.33 ± 
0.04 mmol/L to 0.26 ± 0.04 mmol/L. Thereafter, there 
was a gradual increase in alanine levels, being unaffect- 



ed by skin incision or the institution of cardiopulmonary 
bypass. On the first postoperative day, there was a 
transient peak in alanine concentrations in all four 
groups. This peak corresponded in timing to the rises in 
both serum Cortisol and blood glucagon concentrations. 
Blood alanine concentrations were not significantly 
different from preoperative values at any stage postop- 
eratively. 

3-Hydroxybutyrate (Fig. 10). The pattern of change 
for 3-hydroxybutyrate in the three groups was not so 
consistent as those described for the other intermediary 
metabolites. In Groups A, B, andC, 3-hydroxybutyrate 
concentrations rose steadily from the induction of anes- 
thesia (samples 3 and 4) to peak values at or shortly 
after the end of the operation. Subsequently, 3-hydroxy- 
butyrate concentrations fell rapidly such that they were 
not significantly different from preoperative values by 6 
hours postoperatively. However, the patients in Group D 
(Solution 11) demonstrated a completely different pat 
tern of response. 3-Hydroxybutyrate concentrations in 
this group did not rise at any stage in the study, after 
induction of anesthesia. Thus, Group D patients 



Volume 90 
Number 1 
July. 1985 



CPB prime and metabolic response 105 



Lactate 



5fcDx/RL 
Hartmams Sol 
Pbsmatyte 148 
Solution tl 




Pr«Op 



Operative Day POO. 1 POOL 2 POD 3 POO 4 ~7 



Fig. 6. Blood lactate concentrations (nmol/L) during and after cardiopulmonary bypass, with four different 

pump-priming solutions. Key as for Fig. 5. 



behaved differently from the remaining groups before 
the insitution of cardiopulmonary bypass. It is difficult 
to explain why this group of patients should have 
behaved differently. 

Discussion 

This study has demonstrated that, after 4 hours 
postoperatively, the endocrine and intermediary meta- 
bolic response to cardiac operation is unaffected by the 
nature of the crystalloid bypass pumprpriming fluid. 
The endocrine and metabolic changes occurring before 
that time appear to be directly related to the glucose and 
lactate content of the prime. These findings may 
account for some of the disparities that are apparent 
between various other reports of the metabolic response 
to cardiac operation. 1 2A7n 13 

The glucose load to which Groups A and D were 
subjected resulted in a number of interesting changes. 
First blood glucose concentrations during bypass were 
very high (>22 mmol/L). Second, after the onset of 
bypass and before systemic core-cooling to 28° C was 
complete, a transient rise in serum insulin concentrations 
was observed. This rise suggests that the glucose load 



had stimulated pancreatic beta cell activity, which 
subsequently suppressed by the fall in body temperature. 
Similar observations have been made by Cambridge 
workers studying high-glucose primes (J. Ruddkk, 
personal communication). After cooling to 28° C and 
before rewarming, serum insulin concentrations 
remained low despite the high blood glucose concentra- 
tions described earlier. Similar observations have been 
made by others 1 13 and may be attributed to the effects 
of hypothermia and high circulating norepinephrine 
levels. Serum insulin concentrations rose rapidly in all 
groups in association with rewarming after hypo th er mi c 
bypass, and blood glucose concentrations fefl rapidly 
after completion of cardiopulmonary bypass. These 
findings suggest that hypothermia is the major factor in 
the inhibition of insulin release observed during cardio- 
pulmonary bypass. 

In the two groups of patients receiving no glucose in 
their pump primes (Groups B and C), there was, during 
bypass, a steady and equal rise in blood glucose to 
around 10 mmol/L at the end of bypass. In the absence 
of infused glucose, this rise m blood glucose concentra- 
tion must represent endogenous glucose production. 
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Fig, 7. Blood pyruvate concentrations (mmoJ/L) during and after cardiopulmonary bypass with four different 
pump-priming solutions. Key as for Fig. 5. 



Certainly the high catecholamine concentrations known 
to occur during cardiopulmonary bypass 3, l4 ~ 16 would be 
expected to increase the rates of both gluconeogenesis 
and glycogenosis, particularly in the absence of inhibi- 
tion by insulin.' 7 > 

The postoperative phase of the study was associated, 
in all four ffoups, with sustained but mild hyperglyce- 
mia accom/ -- : ed by hyperinsulinemia. Such an appar- 
ently inappropriate relationship has been described 
following both operation and trauma and has been 
attributed to insulin resistance consequent upon a post- 
receptor defect. 18 This has not been confirmed in relation 
to cardiac operations but is currently under investigation 
in our unit. 

The alterations in lactate concentrations observed 
during cardiopulmonary bypass in this study may be 
attributed almost entirely to the lactate content of the 
pumr>rximing fluid. It is of interest that no differences 
in blood glucose concentration were observed during 
bypass between the two nor^ucose-containing primes 
(Groups B and C). Thomas and Alberti' 9 have reported 



a significant gluconeogeneic effect of infused lactate in 
diabetic patients undergoing general operations. The 
observation that glucose concentrations were not signif- 
icantly greater in Group B (lactate-conuining prime) 
than in Group C patients (non-Jactate-ccmtaining) dur- 
ing cardiopulmonary bypass and conditions of relative 
insulin lack suggests that the lactate load in Group B 
patients was not significantly gluconeogenic. The rela- 
tively high lactate concentrations observed in all groups 
shortly after the end of operation are likely to be 
explained by the known effects of catecholamines on 
glycolytic flux. 16 - 17 

Glycerol concentrations were but little affected by 
bypass and operation. There was, however, a small but 
significant (p<0.05) rise in blood glycerol concentra- 
tions in association with heparinization and a fall of 
similar degree in association with administration of 
protamine. Although it is tempting to ascribe this 
observation to an increased rate of iipolysis in associa- 
tion with heparin activation of lipoprotein lipase," 20 21 
the value of using blood glycerol concentrations as an 
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Fig. 8. Blood glycerol concentrations (mmol/L) during and after cardiopulmonary bypass with four different 

Himp-priming solutions. Key as for Fig. 5. 



index c * lipolysis has been questioned. Carpentier and 
associates 22 have shown that although blood glycerol 
concentrations are proportional to glycerol turnover in 
normal man, the relationship is lost alter trauma. 
However, glycerol concentrations, lite those of the 
principal amino acid gluconeogeneic precursor, alanine, 
were unaffected by the nature of the prime. 

3-Hydroxybutyrate values did seem to be affected by 
the nature of the pump-priming fluid, in that those 
patients receiving Solution 11 did not exjjeriencc the 
same rise in 3-hydroxybutyrate ^ conoentrations that was 
observed in the other three groups during the operations. 
We are unable to explain this rinding. The changes 
observed are unlikely to be due entirely to the prime, 
since 3-hydroxybutyrate values in the patients receiving 
Solution 1 1 were significantly lower than those observed 
in the other groups before the onset of bypass. 

It is also evident from the data presented that the 
endocrine response to cardiac operation, as judged by 
Cortisol, glucagon, and growth hormone, was unaffected 
by the pump prime. This is perhaps surprising in view of 
the variations in concentrations of such metabolkally 
active substrates as glucose and lactate. We may 



conclude, however, that the glucose and lactate loads in 
the prime did not contribute an additional stimulus to 
the secretion of these hormones. 

Certain other observations, however, may be made 
oonoerning the Cortisol results. In all four groups of 
patients, there was a small but significant rise in serum 
Cortisol concentrations during hypothermic pulsatile 
cardiopulmonary bypass. This finding is similar to that 
reported by Taylor and associates* in a group of patients 
subjected to bypass using similar techniques of pakatik 
ity, although at nornxithermia. Postoperatively, the 
pattern of Cortisol response was simu^ to tha t desmlfcd 
after general operations, 23 trauma, 24 and caroW opera- 
tions. 1 However, the magnitude of that rise (peak 
Cortisol values of 608 ± 1 17 nmoJ/L) was less than that 
reported in other studies. The reasons for the are not 
clear. However, since Cortisol levels have been inter- 
preted as an index of the severity of the sties 
one may speculate that the stress response to operation 
in these patients was obtuaded. Vaughan and col- 
leagues 25 have suggested that a rise in Cortisol secretion 
may simply reflect a rise in core 



temperature, and not be proportional to the degree of 
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trauma. However, this is a minority view. 17 The anes- 
thetic technique used was similar to that employed by 
other workers and thus not likely to suppress Cortisol 
secretion. 

There are few previous reports of changes in blood 
glucagon concentration in relation to cardiac operation, 
and certainly none with such frequent .sampling as was 
employed in this study. * 27 The pattern of change in 
glucagon values observed here conforms with the pat- 
tern of change reported after other forms of trauma. 
Thus, a later rise in glucagon than Cortisol was seen, as 
expected. 

The finding of an unusual distribution of growth 
hormone results is also interesting. Although an appar- 
ent, but unexplained, division of adult patients into 
"high" and "low" respondent has been described 13 (M. J. 
Elliott, M.D. Thesis, University of Newcastle-Upon- 
Tyne), we 28 have not observed such a distribution in 
children undergoing cardiac operations, all of whom 
behaved as high responded It is interesting to speculate 
that alterations in growth hormone response to cardiac 
operation may be age-related. 



What importance have these observations for the 
practical management of patients undergoing cardiopul- 
monary bypass? The only intermediary metabolic and 
endocrine effects of variations in the crystalloid compo- 
nent of the prime seem to be related entirely to the 
glucose and lactate contents of the prime. One should 
ask, therefore, whether the glucose and lactate loads 
serve any useful purpose and whether they have any 
untoward effects. 

There is little evidence of any useful purpose being 
served by glucose in the pump prime. During extracor- 
poreal perfusion, and particularly if hypothermia is 
employed, glucose utilization is greatly reduced. This, in 
association with catechol mine-stimulated gluconeogen- 
esis and glycogenosis, results in a net rise in blood 
glucose concentration which, although harmless at the 
relatively low levels seen with non-glucosc-oontaining 
primes, may be frankly harmful at high concentrations. 
It has been shown in animal experiments that the 
presence of hyperglycemia at the time of recovery from 
cerebral hypoxia /ischemia reduces the likelihood of full 
recovery from that ischemic event. * Since cerebral 
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Fig. 10. Blood 3-hydroxybutyrate concentrations (mmoI/L) during and after cardiopulmonary bypass with four 
ditTerent pump-priming solutions. Key as for Fig. 5. 



ischemia-related events may be an unwanted effect of 
cardiac operation with caMopulmonary bypass, the 
addition of glucose to the prime seems to be an 
unnecessary risk. Further, high blood glucose concentra- 
tions have been shown to interfere with platelet function 
in diabetic patients, abnormalities that are corrected by 
restoration of normoglycemia. 30 Diminished platelet 
activity is not regarded as a welcome accompaniment of 
cardiac operation. High Mood glucose concentrations 
may also interfere with white cell function in vitro, 30 
although we 31 have not confirmed this in vivo in patients 
undergoing cardiac operations. 

Thomas and Alberti 19 have reported the importance 
of avoiding lactate infusion in diabetic patients undergo- 
ing operation. Although we have not demonstrated any 
significant gluconeogenctic effect of lactate in this study, 
we can think of no good reason for its inclusion in the 
prime. Further, we 32 have established recently that the 
use of a non-glucose, non-lactate-containing prime is of 
great value in the management of diabetics undergoing 
cardiac operations 

This study has thus demonstrated that after 4 hours 



postoperatively, the nature of the crystalloid pump 
prime has no effect on the metabolic or endocrine 
response to cardiac operation. There appear to be good 
reasons for the exclusion of glucose and lactate from the 
pump prime and none for their nKluskm. Siiwe we have 
demonstrated no untoward metabolk: consequences, wt 
suggest that a non-glucose, non^actate»<xxitainmg fluid 
should be used as the crystalloid co mp one n t of the prime 
for the ejrtra corprjpc a l droit in cardwpuhnonary bypass 
unless otherwise indicated - * ' 

We are indebted to Dr. Hans 0rskov (Aarhus, Denmark) 
who performed the glucagon estimations, to the j^udio Visual 
Department of the University of Newcastle-U^on-t yne for 
preparation of the graphics, and to Miss Sarah Burnett of the 
Thoracic Unit, The Hospital for Sick Chfldren* Great Orraond 
Street, London, United Kingdom, for preparation of the 
manuscript 
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